The effect of adding Palmaria palmata or Saccharina longicruris to Camembert-type cheese on both the antioxidant capacity (ORAC) and Angiotensin I-converting enzyme (ACE)-inhibitory activity has been studied with the aim of developing a functional food. The nutritional composition showed that P. palmata had the highest total protein and carbohydrate contents while S. longicruris demonstrated the highest total fibre and minerals contents. The bioactivities determined in the S. longicruris soluble extract were the highest. Three cheese model curds were studied: cheese control (CC), 2% of P. palmata (C2PP) and 2% of S. longicruris (C2SL). During ripening (20 days), the curd pH of all treatments was significantly similar, as their ORAC values, starting at 0 and reaching 41.28 mmol TE g
Introduction
Seaweeds have a long tradition in Asian cuisine but are progressively becoming attractive in occidental countries (Hein, 2016) . They have an economic role through their use as food, either as sources of basic ingredients or as dietary supplements, with an estimated economic value of US $6.4 billion in 2016 (FAO, 2016) . Seaweed extracts have long been used as technological ingredients (agar, carrageenan, alginate) for food preparations (Mabeau & Fleurence, 1993) , but now, the interest is turning on whole seaweeds as part of food (Rioux et al., 2017) . Globally, three interesting aspects of seaweeds have been attracting the food science world. The first is their nutritional value. Rich in dietary fibre, proteins/peptides, minerals (e.g. iodine), polyphenols, vitamins (e.g. B12) and polyunsaturated fatty acids (omega-3), some of these elements are in higher concentration than in terrestrial plants such as calcium, iron and copper (Mabeau & Fleurence, 1993; MacArtain et al., 2007; Rioux et al., 2007) .
The second aspect of interest in seaweeds is the potential of their bioactive compounds, which could provide health benefits. Indeed, several studies have highlighted their antimicrobial, antioxidant, angiotensin I-converting enzyme (ACE) inhibition capacities, cardioprotective, neuroprotective and anti-inflammatory effects as well as beneficial impacts on gut function and microbiota (Plaza et al., 2008; Beaulieu et al., 2015; Boisvert et al., 2015; Cardoso et al., 2015; Hamed et al., 2015; Liu et al., 2015) . The third aspect is their incorporation into products or dishes that are appealing to the general public and that may optimise their culinary potential. Already used in Japan to make dashi, seaweeds such as Kombu (Saccharina japonica) provide the umami flavour to the traditional base broth. It is for this same reason that occidental chefs and scientists are trying to find a way to introduce seaweeds in their traditional dishes. Red seaweed like Palmaria palmata (dulse) has been incorporated in bread, fresh cheese and ice cream (Mouritsen et al., 2012) . In addition, in Canada, the alcoholic drink industry is interested in this exotic flavour source. The brown seaweed Saccharina longicruris (sugar kelp) is part of the ingredients of the St-Laurent Gin (Distillerie du St-Laurent, 2017) and Marshall Wharf Brewing Co. beers (Spiegel, 2014) .
Protein digestibility is also an important factor to take into consideration in the evaluation of the nutritional value and algal food quality. This is variable according to the species and can be limited by the presence of compounds such as glycosylated protein, polysaccharides, lectins and phenolic compounds (Fleurence, 1999; Wong & Cheung, 2001; Goñi et al., 2002) . Some studies have suggested that fermenting seaweeds can increase the protein digestibility and the bioavailability of nutrients (Marrion et al., 2003; Wu et al., 2010) . To support the growing health and wellbeing market, new seaweed-based food can be developed. Functional food containing seaweeds or their extracts (Cardoso et al., 2015) , such as bread (Fitzgerald et al., 2014) , fermented milk (Tavares Estevam et al., 2016) , yogurt (O'Sullivan et al., 2015) and pasta (Prabhasankar et al., 2009) , has been suggested.
Incorporating seaweeds in cheese could be a good way to create a new functional food. Cheese has previously proved its high nutritional value due to an abundance of components such as proteins, lipids, calcium, vitamins (A, D and B12), riboflavin and others, which are good for human nutrition (Weinberg et al., 2004) . In addition, cheese has health benefit properties. As clinically proven, increasing dietary dairy food is associated with better cardiovascular health (Crichton & Alkerwi, 2014) . In addition, many authors have shown both ACE inhibition and antioxidant capacities of cheese (Gupta et al., 2009; Sieber et al., 2010) . Furthermore, cheese has considerable sodium content, between 0.5% and 2.5% sodium chloride (NaCl) (Dugat-Bony et al., 2016) . Thus, using seaweeds to reduce sodium contents in cheese could also be an interesting avenue (Lee, 2011) . Only a few artisanal cheeses, that include seaweeds, are currently on the market, such as 'Le Ti Pavez' and 'Tomme d'Iroise aux algues', both from Brittany (France). In Ireland, seaweeds are also included in some dairy products (Mouritsen et al., 2013) . Among these are the semisoft cheese such as 'Carrigaline Dillisk Seaweed Cheese' and a hard cheese, such as 'Dilliskus'. Nevertheless, according to the authors' knowledge, no study on the impact of adding seaweeds to cheese has been reported. Camembert is a soft and surface-ripened cheese, which was selected as a model to study because of the complex evolution of microflora during ripening. (Spinnler & Gripon, 2004) . Additionally, in this cheese variety, free fatty acids (FFA) are released during the ripening period and contribute to the cheese flavour (Urbach, 1993) but can be affected by oxidation (Delgado et al., 2009) . Addition of antioxidant compounds from green tea to protect cheese fatty acids against oxidation has been reported (Huvaere et al., 2011) . This finding suggests a potential similar role for seaweed components.
The ultimate objective of this study was to support the development of two functional cheeses containing seaweed flakes, namely one with P. palmata and one with S. longicruris. This approach is highly original from a seaweed characterisation perspective. A better understanding of the effect of seaweed flakes addition on the native bioactivities of the cheese and the technical feasibility of their addition has been investigated. Firstly, the nutritional composition characterisation of seaweeds was performed. Secondly, both the ACEinhibitory and antioxidant activities were analysed on seaweed aqueous extracts. Finally, the influence of seaweed flakes in a soft cheese model Camembert curd during the ripening period by measuring the pH evolution, ACE-inhibitory and antioxidant activities were studied.
Materials and methods

Chemicals and reagents
2,2
0 -azobis(2-methylpropionamidine) dihydrochloride (AAPH), fluorescein and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), N-hippuryl-HisLeu (HHL), sodium phosphate monobasic monohydrate, sodium phosphate dibasic heptahydrate, ammonium sulphate and enalapril were acquired from Sigma-Aldrich (Oakville, ON, Canada). The 1,4-dioxane reagent was from Fisher (Ottawa, ON, Canada), and glycine cyanuric chloride was from VWR (St. Catharines, ON, Canada). The total dietary fibre assay kit was purchased from Megazyme (Chicago, IL, USA). The ultrapure water (18.2 MO) was produced by a PURELAB Ultra system (ELGA LabWater, Lane End, UK). Food grade calcium chloride (CaCl 2 ) was from Fromagex (Rimouski, QC, Canada).
Biological materials
Seaweed samples were collected directly from the Gulf of Saint Lawrence (Canada) and provided by E. Tamigneaux (Merinov, Grande-Rivi ere, QC, Canada). Palmaria palmata samples were harvested from the Forillon area (QC, Canada) between October and November 2015, and Saccharina longicruris samples were harvested from the Newport area (Chandler, Qc, Canada) between October and December 2015. Both seaweeds were dried by air at 30°C for 24 h in a laboratory dryer before partially grinding using STEPHAN Microcut (Hameln, Germany). Dried seaweeds were stored in the dark at 4°C in separate plastic bags of 500 g. Raw milk was provided by a local cheese factory (Fromagerie Les Rivi eres, QC, Canada). The freeze-dried commercial starter cultures were Flora Danica (DK-2970; Chr. Hansen, Hørsholm, Denmark), Geotricum candidum (Choozit GEO17 LYO, Danisco, France) and Penicillium camemberti (Choozit PC SAM 3 LYO, Danisco, France). The rennet was CHY-MAX 100% Chymosine (Hansen Inc., Milwaukee, WI, USA). The angiotensin-converting enzyme (ACE) was from rabbit lungs (SIGMA-ALDRICH, St-Louis, MO, USA).
Nutritional composition of seaweeds
Dried seaweeds were reduced into powder using a mortar grinder (RM 100, Retsch, Newtown, PA, US) combined with liquid nitrogen. Moisture and ash (minerals) were determined by the Association of Official Analytical Chemists (AOAC) methods (2002) (AOAC 988.05, 2002) , the conversion factor for nitrogen of 4.92 has been applied (Lourenc ßo et al., 2002) . For the determination of total lipid content, the method described by Bligh & Dyer (1959) was used. The total carbohydrate estimation was done by subtracting the sum of the percentage of moisture, proteins, lipids and ash . The total dietary fibre was performed by enzymaticgravimetric method (AOAC 985.29, 2002) . The sodium and potassium contents in seaweeds were performed by solubilising the samples based on Parkinson & Allen (1975) and measured by inductively coupled plasma mass spectrometry (ICP) (Optima4300DV, Perkin-Elmer, Waltham, MA, USA) by the Laboratoire de G eomorphologie et de S edimentologie (LGS) (University Laval, QC, Canada). All analyses were performed in triplicate.
Soluble seaweed extracts
Extraction of water-soluble compounds >1 kDa from seaweeds was prepared according to previous work Bondu et al., 2015) . Thirty grams of seaweed powder was dissolved in 500 mL of phosphate buffer (20 mM, pH 7) with constant agitation using a magnetic bar for 24 h at room temperature. The mixture was then centrifuged at 4000 g, 4°C for 45 min (RC-5B Refrigerated Superspeed centrifuge, GMI Inc., Ramsey, MN, USA). The supernatant was recovered and stored at 4°C, and the extraction was repeated with the resulting pellet. The first and the second supernatants were pooled together for the next steps. The soluble seaweed extracts (SSE) were precipitated by adding an equal volume of 80% saturated ammonium sulphate to the supernatant and gently agitated at 4°C overnight. The mixture was centrifuged at 10 000 x g, 4°C for 60 min. The pellet was diluted with ultrapure water, and the solution was desalted using a membrane with pore size of 1 kDa (MWCO 1 kDa, Pur-A-Lyser, Millipore) for 48 h at 4°C. The resulting retentate was freeze-dried. The total proteins were quantified using the TruSpec N nitrogen analyzer (Leco Corporation, St. Joseph, MI, USA) based on the Dumas method (Chang, 2010) . The SSE was stored in the dark in a vacuum bag at 4°C until bioactivity analysis.
Soft cheese model curd production
The production of Camembert soft cheese model curd production (SCMC) was performed according to Lessard et al. (2012) . Briefly, a volume of 200 L of crude milk was pasteurised at 73 AE 1°C for 16 s (Promak solution Inc., Saint-Romuald, QC, Canada, 2015) and cooled at 32°C. The acidification of the milk was done by inoculating lactic starter culture (Flora Danica) dissolved at 1% in UHT milk, following the manufacturer's guidelines. Then, a CaCl 2 solution (45% w/ v) was added at 0.3 mL L À1 of total milk. The rennet (CHY-MAX 100% Chymosine) was dispersed at pH 6.27 at 0.15 mL L À1 of milk. The coagulation took 14 min followed by 52 min of hardening. The hard curd was cut into pieces of approximately 2 cm³ and shaped into 12-cm-diameter polyurethane moulds. The moulds were turned three times, at 30, 60 and 180 min. The shaped curd was left for 8 h at room temperature. Without salting, the curd was freeze-dried (50-SRC, Virtis, Gardiner, NY, USA), grinded and irradiated at 5 KGy. SCMC powder was stored in sealed bags at À20°C.
Seaweeds flakes selection for treatments
Dried seaweeds flakes were obtained by precooling in liquid nitrogen and grinding with culinary mixer (Magic bullet, Homeland Housewares, Los Angeles, CA, USA). Due to the differences in the seaweed structure, it was difficult to obtain similar sizes for each species. To avoid an extensive grinding of seaweeds, the major particle sizes obtained were chosen. According to the average of their particle size, the flakes were selected by sieves, between 2.00 mm and 4.00 mm for P. palmata and between 1.00 mm and 2.00 mm for S. longicruris. The average size of the flakes was obtained by an imageprocessing program (ImageJ, National Institutes of Health, Bethesda, MD, USA). For P. palmata, the average size was 13.85 AE 6.00 mm² and 2.76 AE 1.67 mm² for S. longicruris.
SCMC preparation and ripening conditions
The SCMC preparation and ripening were adapted from Lessard et al. (2012) . Three different types of cheese were studied: cheese control (CC) without seaweeds, cheese with 2% (w/w) of P. palmata (C2PP) and cheese with 2% (w/w) of S. longicruris (C2SL). Table 1 shows ripening SCMC formulations. The SCMC preparation started by adding seaweed flakes and mixed with salty water (NaCl). The CC was without seaweeds and had a concentration of 2% (w/w) of NaCl. According to the chemical characteristics of seaweeds, water and NaCl added to each preparation were adjusted to obtain 57% (w/w) of moisture and 0.787% (w/w) of sodium in the global SCMC, without exceeding the water and NaCl concentrations of the cheese controls. Ripening starter cultures, G. candidum and P. camemberti, were added according to the supplier's indications in all assays. After mixing, a portion of 55 g of the wet SCMC was placed into 250 mL glass jars (Bernardin; Jarden Branded Consumables, Richmond Hill, ON, Canada) and compacted to the bottom, which formed the shape of half a Camembert cheese. The jars were covered with a cheese wrapping paper (Amcor Kirkland, Kirkland, QC, Canada). Finally, they were placed into a ripening room at 14°C with 90% relative humidity during 10 days, following by 10 days at 4°C. Samples were taken at days 0, 5, 10 and 20. For each day and each treatment, six separate repetitions were performed (n = 6). The pH of the curd core was measured with a glass electrode (FC200, Hanna instruments Canada inc., Laval, QC, Canada). Thereafter, the whole curd was mixed by hand with a spatula and stored at À20°C in dark sealed bags.
Water-soluble extract from SCMC
The extraction of water-soluble compounds from SCMC was based on Kuchroo & Fox (1982) . Each frozen sample was reduced into powder using a cryogenic grinder (Cryomill, Retsch, Newtown, USA) in a 50 mL grinding jar with a 25 mm diameter ball for two cycles of 1 min at 25 Hz. An amount of 5 g of frozen curd powder was added to 20 mL of ultrapure water (25% w/v) in a 50 mL Falcon tube. This mixture was vortexed during 30 min at room temperature and incubated at 37°C for 60 min. The mixture was centrifuged at 5000 r.p.m. for 30 min at 4°C (Centrifuge 5804R, Eppendorf, Mississauga, ON, Canada) to remove the solid layer of lipids floating on the top of the solution. The aqueous phase was filtered firstly with a paper filter (Whatman No. 1, Buckinghamshire, UK) in a vacuum system and completed with a 0.45 lm syringe filter (Filtropur S 0.45, Sarstedt, N€ umbrecht, Germany). Finally, the water-soluble extract (WSE) was aliquoted and stored at À20°C until analysis.
Angiotensin-converting enzyme (ACE)-inhibitory activity
The ACE-inhibitory activity was performed using a spectrophotometry method developed by Hayakari et al. (1978) and also used by Bondu et al., 2015 for seaweed extracts. A volume of 20 lL of extracts, from SSE or WSE of SCMC, was mixed to 20 lL of ACE at 250 mU mL À1 (borate buffer, pH 8.3, 1 M NaCl) and 80 lL of phosphate buffer, pH 8.3. The enalapril was used as positive control. Each solution was incubated at 37°C for 10 min. During the same time, a replicate of each sample was put at 95°C in a bath to obtain a negative control (blank), where ACE was inactivated. Then, 40 lL of ACE substrate, 6.25 mM of HHL (N-Hippuryl-His-Leu hydrate) were added to all samples and incubated at 37°C for 60 min, followed by 10 min at 95°C. A volume of 360 lL of reactive 2,4,6-trichloro-s-triazine (TT, 3% v/v in 1,4-dioxane) was added into the tube and vortexed until enzymatic colouration. Finally, samples were centrifuged by a microcentrifuge at 2000 g (MiniStar, VWR, St. Catharines, ON, Canada) before filling a clear microplate (96 Well, Clear F-Bottom, Greiner Bio-One GmbH, Frickenhausen, Germany) with 200 lL of the SSE or WSE of SCMC, and the absorbance (A) was determined at 382 nm (Multiskan Spectrum, Thermo Scientific, Waltham, MA, USA). The percentage of ACE inhibition was calculated using this following formula:
A determination of the IC 50 of seaweed extracts was done by a serial dilution based on Bondu et al., 2015. For the WSE of SCMC, the analysis was performed with a dilution factor of 50, corresponding to a resulting supernatant obtained from 0.1 mg of frozen curd powder added into 1 mL of ultrapure water (0.1 g mL À1 ).
Oxygen radical absorbance capacity assay Antioxidant activities were determined by the oxygen radical absorbance capacity (ORAC) method (Cao et al., 1993; Bondu et al., 2015) . The reagents were prepared in phosphate buffer (75 nM, pH 7.4). In a black microplate (96 Well, Black U-Shape, Greiner Bio-One GmbH, Frickenhausen, Germany), a volume of 25 lL of extract or Trolox (standard) was mixed to 150 lL of Fluorescein (0.1 lM). A serial dilution was done for seaweed extracts (0.5-1.5 mg mL À1 for P. palmata and 0.1-0.5 mg mL À1 for S. longicruris) and a dilution factor of 125 was used, which corresponds to a resulting supernatant obtained from 2 mg of frozen curd powder added into 1 mL of ultrapure water (2 mg mL À1 ) for the WSE of SCMC. The microplate was subsequently incubated at 37°C for 30 min in the dark. Just before reading, 50 lL of 2,2 0 -azobis (2-methylpropionamidine) dihydrochloride (AAPH) solution (150 nM) was rapidly added to each well. The fluorescence was read at 485 nm and 583 nm as detection wavelengths at 37°C (Synergy H1, Biotek, Winooski, VT, USA). ORAC values were expressed in mmol equivalent Trolox per gram of sample (mmol TE g À1 ). Assays were performed in four replicates.
Statistical analysis
Nutritional composition results and seaweeds extract bioactivities were expressed as means AE standard deviation of triplicate measurements. For SCMC extract bioactivities, the results were calculated with six different repetitions of each treatment and each time point. SPSS (Statistical Package for the Social Sciences) version 24.0 (SPSS, Inc., Chicago, IL, USA) was used to perform statistical analyses. Means differences were compared using the one-way and multivariate analysis followed by Scheff e test with P ≤ 0.05.
Results and discussion
Nutritional composition of seaweeds
The seaweed nutritional composition is presented in Table 2 . The total protein content of the two seaweed species studied was similar, which was 10.34 AE 0.11% on a dry weight basis (DW) for P. palmata and 9.49 AE 0.13% DW for S. longicruris, respectively. The protein content of P. palmata from the Gasp e coast was in the common reported range of 8-35% (Morgan et al., 1980) for this species, but lower in comparison with previous studies (16.58 AE 0.99% DW) on samples collected in 2012 from the same climate area (Pabos beach, Qc, Canada) and harvested during the same season (Bondu et al., 2015) . The protein content of S. longicruris was similar to samples harvested in July 2011 (Bondu et al., 2015) but slightly lower than reported by Boisvert et al. (2015) (12.95%). This difference could be explained by the different harvesting sites (Rioux et al., 2009) . Lipids content in P. palmata was between 1% and 2% and similar to previous studies (Morgan et al., 1980; Rioux et al., 2007; Boisvert et al., 2015) . The lipid content in S. longicruris was higher than others reported values (Rioux et al., 2007; Boisvert et al., 2015) . This difference could be explained by the variation of chemical composition in function of the season and the temperature of the environment where seaweeds grow (Mishra et al., 1993; Rioux et al., 2009) . Ash (minerals) content was 13.95 AE 0.33% DW for P. palmata and almost twice as much for S. longicruris (34.37 AE 0.20% DW) which is in accordance with literature Boisvert et al., 2015) . S. longicruris had higher sodium (39.14 AE 0.87 mg g À1 DW) and potassium (72.13 AE 2.22 mg g À1 ) contents in comparison with P. palmata, 14.42 AE 0.36 mg g À1 DW and 39.60 AE 1.34 mg g À1 DW, respectively, as described by Jard et al. (2012) . For both seaweeds, the mineral content values were in the range reported in the literature (Morgan et al., 1980; Mabeau & Fleurence, 1993) . Total carbohydrate content was lower in S. longicruris (53.22 AE 0.38% DW) than in P. palmata (74.25 AE 0.33% DW). The values reported by other authors for S. longicruris were 57.80% and 69.59% (Rioux et al., 2007; Boisvert et al., 2015) . P. palmata had a total carbohydrate content higher than samples from nearby areas, Pabos beach (QC, Canada) (69.62 AE 1.16%) and Newport (QC, Canada) (67.96 AE 2.21%) harvested during the same period of the year (Beaulieu et al., 2016) . From other geographical areas, Wang et al. (2010) and Mishra et al. (1993) reported a value of 61.5% (Iceland) and 66.4% (Nova Scotia, Canada), respectively. In each case, it was in the range of 38-74% demonstrated by other authors (Morgan et al., 1980) . Fibre content, which is included in the total carbohydrate content, corresponded to 40.87 AE 0.17% DW for P. palmata and 46.35 AE 0.17% DW for S. longicruris, respectively. This fibre content, quite similar for both seaweeds, was higher than values reported by Jard et al. (2012) for both seaweeds (22.1% for P. palmata and 36.4% for S. longicruris). As published by Mabeau & Fleurence (1993) , edible seaweeds contain 33% to 50% total fibre.
With the further objective to create a new functional food with new flavour, the nutritional characterisation could be very relevant (Lee, 2011; Mouritsen et al., 2012) . By knowing the content of major minerals in Each value is presented as mean AE SD (n = 3).
seaweeds, the amount of salt added or replaced could be adjusted to respect the original sodium content in the product. Also, seaweeds could be a source of edible fibre introduced into food, which initially lack this nutrient, such as cheese.
Seaweeds extracts and detection of bioactivities
Water-soluble molecular weight compounds >1 kDa from seaweed extracts after dialysis showed average extraction yields of 6.2% for P. palmata and 1.0% for S. longicruris corresponding to protein extraction yields of 3.30% and 11.53%, respectively. For P. palmata, the protein extraction yield obtained using phosphate buffer at pH 7 (6.2%) was lower than other studies using the same extraction method (11.40%) (Bondu et al., 2015) as well as using other processes such as ultrasonication and dialysis (10.01%) (Fitzgerald et al., 2012) . For S. longicruris, the protein extraction yield was higher (11.53%) than a previous study, which has shown a protein extraction yield of around 8.6% using phosphate buffer at pH 7 (Bondu et al., 2015) . The grinding method could also explain the higher yield extraction of this present study. As suggested by Beaulieu et al. (2016) , grinding using liquid nitrogen could reduce the seaweed powder to smaller particles and facilitate the extraction. The protein extraction yield could be reduced by the presence of polysaccharides and their interaction within protein matrixes (Fleurence, 1999) . Following protein extraction, bioactivity assays were performed. Results showed that S. longicruris extract had overall higher bioactivities than P. palmata (Table 3 ). The ACE-inhibitory potency (IC 50 ) of S. longicruris, calculated as the concentration of sample (mg mL À1 ) required producing 50% ACE inhibition, was sixty-seven times less than P. palmata, which was 0.41 mg mL À1 in comparison with 27.69 mg mL À1 . The antioxidant capacity measured using the oxygen radical absorbance capacity (ORAC) method showed ORAC values of 328.97 AE 27.52 mmol TE g À1 for S. longicruris extract and of 56.90 AE 5.06 mmol TE g À1 for P. palmata extract. Results obtained in this study display higher bioactivities in comparison with other authors. Bondu et al., 2015 reported an ACE IC 50 of 460.05 mg mL À1 for <10 kDa fraction of P. palmata hydrolysed with chymotrypsin. In this previous study, the determined ORAC value of S. longicruris was less than 250 lmol TE g À1 for all hydrolysed fractions tested (1-10 kDa; and >10 kDa,). Other studies reported lower antioxidant activity with extracts obtained by different methods, which have demonstrated higher protein concentrations. For example, Wang et al. (2010) obtained an ORAC value of 35.8 lmol TE g À1 for P. palmata extract produced using a combined enzymatic and water extraction procedure. It was in the same range of values as Yuan et al. (2009) , with methanol extracts corresponding to 36.42 and 38.78 lmol TE g À1 of extract. The hydrolysis of protein extracts from vegetables can increase the bioactivity, such as antioxidant and ACE inhibition (Tavano, 2013; Hur et al., 2014) . However, depending on the hydrolysis degree, if overexposed, resulting compounds could also lose their bioactivity, as proven for peanut protein hydrolysate (Jamdar et al., 2010) . The bioactivity also depends on the extraction procedure used, which could be correlated to a complex mixture of various compounds present in the extracts. Water-soluble molecular weight compounds >1 kDa from both S. longicruris and P. palmata extracts could include active molecules such as proteins, polyphenols and polysaccharides. For instance, polysaccharides from seaweeds such as sulphated polysaccharides, alginate, laminaran and fucoidan (50 kDa) have shown high antioxidant capacity (Chattopadhyay et al., 2010) . Also, polyphenols from seaweeds have shown antioxidant capacity as potential ingredients (Yuan & Walsh, 2006; Wang et al., 2010) . Among these compounds, phlorotannins are polyphenols strongly attached to seaweed proteins, especially abundant in brown seaweeds (Stern et al., 1996) , and are also recognised as antioxidants and ACE-inhibitors (Jung et al., 2006) . These results confirmed the antioxidant and ACE-inhibition capacities of both seaweeds. Therefore, in addition to their nutritional value, the seaweeds' bioactivity could contribute to increasing the health benefits in food (Cardoso et al., 2015) . Additionally, the antioxidant capacity of seaweeds has potential to contribute in food preservation (Gupta & Abu-Ghannam, 2011 ).
The pH evolution in core of SCMC during ripening Three different types of cheeses were studied: cheese control (CC) without seaweeds, cheese with 2% (w/w) of P. palmata (C2PP) and cheese with 2% (w/w) of S. longicruris (C2SL). Figure 1 presents the pH evolution during ripening of SCMC. For the control curd, the initial core pH of 4.87 AE 0.01 increased to 5.04 AE 0.12 at day 5, to 6.08 AE 0.33 at day 10 and then slightly increased to 6.80 AE 0.18 at day 20 at the end of ripening. This pH evolution corresponds to what is generally reported for Camembert-type cheese as described by Liu & Puri (2008) , within the first 20 days. The pH of cheese curds is correlated to the fungus growth and its proteolytic activities (LeclercqPerlat et al., 2015) . The results obtained show no significant difference among the three treatments. Thus, the addition of seaweeds into SCMC at a concentration of 2% in a Camembert-type cheese preparation did not seem to influence the normal evolution of the curd pH.
Detection of bioactivities in SCMC during ripening
In general, ACE-inhibitory activity increased significantly from day 0 to day 10 in all WSE (Fig. 2) . Then, the activity was stable from day 10 to day 20. However, a significant decrease in activity was observed between day 10 and day 20 for cheese with 2% of S. longicruris (C2SL). More specifically, on day 0, for the three treatments, ACE-inhibitory activities were the lowest, without significant differences. The values were 15.50 AE 4.49% (CC), 13.74 AE 2.48% (C2PP) and (Okamoto et al., 1995) . Also, an ACE-inhibitory activity of 69.1% in WSE at a concentration of 0.25 mg mL À1 of peptides, obtained by concentrating peptides using hydrophobic chromatography, has been determined in another commercial Camembert cheese (Saito et al., 2000) . Comparatively to the control of this present study, at day 20, commercial cheeses studied by other authors seemed to have slightly lower bioactivity, but the age of these cheeses was not indicated. At days 0 and 5, the same activity obtained for the three treatments suggested that at this stage of ripening, seaweeds did not contribute to the global bioactivity, and the curd was the only source of the major bioactive compounds. After 10 days, C2SL showed a higher ACE-inhibitory activity than CC and C2PP. This difference could be explained by the high bioactivity of crude S. longicruris, which had an ACEinhibitor IC 50 of 0.41 mg mL À1 of WSE comparatively to 27.69 mg mL À1 of WSE for P. palmata, and its bioactive compounds could be more easily extracted.
Many studies have reported that fermenting seaweeds allowed a better protein exposure to enzymatic sites and increased their extractability and bioactivity (Marrion et al., 2003; Fitzgerald et al., 2012; Lee et al., 2016) . For instance, fractions of these seaweeds (P. palmata and S. longicruris) produced by enzymatic hydrolysis exhibited higher in vitro antioxidant and ACE-inhibitory activities than the parent proteins. These precursor proteins have been associated with the enzyme ribulose-1,5-diphosphate carboxylase/oxygenase (Rubisco) and pigments (allophycocyanin, phycocyanin, phycoerythrin) (Bondu et al., 2015) . At the end of ripening, the slight decrease in ACE-inhibitory activity for C2SL compared to CC and C2PP, observed between day 10 and day 20, could be explained by the high degree of hydrolysis, the pH level and the influence of other active compounds. As mentioned previously, the bioactivity of vegetables could be lower when it was exposed to a high degree of hydrolysis (Jamdar et al., 2010) . Brown seaweeds are known to be rich in polyphenols such as phlorotannins with potential antioxidant and ACE-inhibitory capacities (Wijesinghe et al., 2011) . During ripening, proteins were reduced to smaller sizes by protease actions (Rank et al., 1985) and could increase links to phlorotannins triggering their precipitation (Stern et al., 1996) . This could be a reason for the decrease in ACEinhibition activity in C2SL WSE at day 20. The same observation was also reported on commercial herbal cheese. The ACE-inhibitory capacity was similar between regular cheese and herbal cheese (Apostolidis et al., 2007) .
Many authors studied the way to increase antioxidant capacity in cheese. A most common solution is adding high polyphenol vegetable extracts in the formulation of cheese (Han et al., 2011; Giroux et al., 2013) . The oxygen radical absorption capacity (ORAC) of curds WSE during the ripening period is shown in Figure 3 . The results were obtained from 2 mg mL À1 (w/v) of SCMC diluted in water and expressed in Trolox equivalent per gram of cheese curds (mmol TE g À1 ). Overall, the evolution of the antioxidant activity was similar between the three treatments. At this concentration, the antioxidant capacity was not detected at day 0. The measured ORAC values increased significantly, from day 5 to day 20 for all SCMC. The addition of seaweeds into SCMC did not show an impact on the antioxidant capacity already present in cheese itself during the 20 days of ripening. Therefore, a seaweed concentration of 2% did not seem to be sufficient to improve the antioxidant activities of SCMC. Based on the quantity added to the cheese and the results obtained for WSE, the theoretical contribution of antioxidant in cheese represented around 0.07 mmol TE for the cheese bioactivity. According to the lowest antioxidant activity of SCMC, at day 5, the global value was 5.45 AE 0.99 mmol TE g À1 of curd. The contribution of seaweed antioxidant activity is negligible. A comparison could be made with a study achieved on a cheese mixed with broccoli powder (Sharma et al., 2011) . These authors have demonstrated that the total antioxidant capacity started to increase significantly using 5% of broccoli powder in cheese. In the same paper, the authors showed that the total polyphenol in cheese was significantly higher with only 3% of broccoli powder in cheese. To obtain these results, fresh broccoli had to be freeze-dried; a conventional drying did not give the same high result. Considering this information, the negligible contribution of seaweeds on the global antioxidant activity of cheese might be explained by their low content in cheese and the way that they were dried. For instance, Cruces et al. (2016) reported that the brown seaweed Lessonia spicata dried by air had both lower antioxidant activity and phlorotannins content in comparison with freeze-dried seaweeds. Apostolidis et al. (2007) have reported that commercial herbal cheese had better antioxidant activity than the same cheese without herbs (Cabot cheese and feta cheese), but the concentration of added herbs was not indicated.
This evaluation of antioxidant and ACE-inhibition capacities on SCMC showed that the addition of 2% seaweed flakes in Camembert cheese did not affect positively or negatively its global bioactivity.
Conclusion
Nutritional composition of P. palmata and S. longicruris was characterised, and the antioxidant and ACE-inhibitory capacities were measured on their soluble extract >1 kDa. Both seaweeds showed that they were nutritionally rich and showed bioactivities. The impact of their presence in Camembert model cheese during ripening was also measured. The pH values of the curd seaweed cheeses were similar and were evaluated in comparison with the control without seaweeds. Their final bioactivity was also similar to the control. However, cheese with S. longicruris showed a potential of higher ACE-inhibitory activity on day 10. To the author's knowledge, it was the first time that the evolution of ACE inhibition of Camembert cheese during ripening has been reported.
This study confirmed the potential of seaweeds to be combined with a fermented food, such as a cheese, without causing a negative impact on the global evolution of the product. Their presence could increase the diversity and the nutritional content by maintaining the total sodium content. Seaweed cheeses add edible fibre, which are absent in regular cheese. It offers to find new ways to develop functional foods. The next step of the study could be to reduce the total sodium using only the minerals from seaweeds as a salt source and the impact of different particle sizes of seaweed flakes. In addition, further studies on the impact of seaweeds on the microflora of the cheese are under investigation in our laboratory. A commercial production of cheeses containing seaweed is planned as well as their sensorial analysis. These outcomes can be of major relevance to lead the development of new health benefits food, new research directions, a valorisation of marine algae from the St. Lawrence Estuary and Gulf and to future applications in the functional food sectors.
